Purpose: Patients seeking genetic testing for inherited breast cancer risk are typically educated by genetic counselors; however, the growing demand for cancer genetic testing will likely exceed the availability of counselors trained in this area. We compared the effectiveness of counseling alone versus counseling preceded by use of a computer-based decision aid among women referred to genetic counseling for a family or personal history of breast 
In the past decade, there has been an unprecedented explosion of genetic discovery, culminating in the complete sequencing of the human genome in April 2003. 1 Molecular tests now permit evaluation of a person's genetic susceptibility to various cancers, and as more conditions are identified for which genetic testing can be performed, [2] [3] [4] it is inevitable that genetic testing will be used more frequently to make predictive, diagnostic, and risk management decisions. 5, 6 In fact, genetic tests are now marketed directly to physicians and to the public, increasing the frequency of patients' requests for testing from their physicians. 9 Even so, it is well-documented that primary care physicians' knowledge and comfort levels with genetic information are limited. 8 -10 Without adequate understanding of the strengths and limitations of genetic testing, many patients may undergo genetic testing that is not necessary or informative and may, in fact, be ill advised. [11] [12] [13] [14] [15] [16] Thus, there is a consensus in the genetics community that patients who are considering genetic testing for inherited cancer risk should be educated about risks, benefits, and alternatives before being tested. 17 This education is typically provided by genetic counselors trained in cancer genetics. However, with approximately 1800 board-certified genetic counselors in the United States, 18 and fewer than 400 genetic counselors who list cancer as their specialty, 19 the growing demand for cancer genetic testing will likely exceed the availability of counselors trained in this area. 20 -22 Consequently, alternative or adjunct educational resources are necessary to help meet the educational needs of individuals who seek cancer genetic counseling and to enhance the genetic counseling process.
The need for accurate information about genetic aspects of breast cancer is particularly pressing. Breast cancer is the most commonly occurring nonskin cancer among women, and it is estimated that 215,000 women will develop invasive breast cancer and more than 40,000 will die from it in 2004. 23 Approximately 7% of breast cancer cases are associated with an autosomal dominant pattern of inheritance, 24 and of these, 84% are associated with mutations in the breast cancer-susceptibility genes BRCA1 and BRCA2 25 for which genetic testing is clinically available.
To address this growing need, we developed an interactive computer-based decision aid ("Breast Cancer Risk and Genetic Testing") to educate women considering genetic testing for breast cancer susceptibility. 26, 27 The program is a multimedia, interactive decision aid designed to help people make informed decisions about genetic testing for breast cancer susceptibility and was developed by an interdisciplinary team of educators, physicians, genetic counselors, and scientists. It is organized into three sections: Section 1 provides a brief overview of breast cancer, Section 2 discusses breast cancer genetics, and Section 3 addresses gene testing for breast cancer. In each section, a series of questions and answers guide the user through the content material. The general structure is for a simulated "patient" to ask a question (for example, "what is breast cancer?") and then for an "expert" narrator to provide an answer. The questions are asked by various women of diverse backgrounds, while the answers are given by one female expert. In our early experience piloting the CD-ROM with a diverse group of women (unreported data), we observed that each user would navigate through the program differently, focusing on her particular areas of interest.
In an initial clinical trial, we found that the program was well-accepted by genetic counselors and their clients, 28 and its use increased clients' knowledge about breast cancer genetics and decreased their intention to undergo testing. 29 Subsequently, we revised and updated the computer program and conducted a larger, randomized, multicenter trial among women referred for genetic counseling due to family or personal histories of breast cancer. 30 In this article, we report findings from one aspect of that study that compared the effectiveness of counseling alone with counseling preceded by computer use. The study questions were as follows: (1) From the clients' perspective, were counseling sessions supplemented by a computer program more effective than standard counseling sessions? (2) From the genetic counselors' perspective, were counseling sessions supplemented by computer more effective than standard counseling sessions? (3) Compared to standard genetic counseling, was counseling supplemented by computer: (a) more efficient, (b) shorter in duration, and (c) different with regard to content? Answers to these questions are important, as they may shed light on the potential applicability and implementation of this program in other settings and with other health care providers.
MATERIALS AND METHODS

Participants
Between May 2000 and September 2002, women who had been referred to a genetic counselor for evaluation of breast cancer risk were recruited to participate in a trial to compare the effectiveness of computer-based counseling with face-toface genetic counseling. There were six study sites in this trial (Penn State College of Medicine, Hershey PA; Lehigh Valley Hospital and Health Network, Allentown, PA; The University of Texas MD Anderson Cancer Center, Houston, TX; Baylor College of Medicine, Houston, TX; University of Pittsburgh Medical Center, Pittsburgh, PA; and Evanston Northwestern Health Care, Evanston, IL.). The protocol received Institutional Review Board (IRB) approval at each of the participating sites and was monitored by each local IRB. Women were eligible to participate in this study if they were 18 years of age or older; could read, write, and speak English; scheduled a genetic counseling appointment to evaluate personal and/or family histories of breast cancer; and were able to give informed consent. Women who previously underwent genetic counseling or testing for inherited breast cancer susceptibility were excluded.
Design and procedures
This was a randomized trial comparing the effectiveness of genetic counseling alone with counseling supplemented by computer use from the perspectives of both clients and counselors. Participants (clients) were randomized into one of two groups before the actual date of their genetic counseling appointment: (1) Counselor Group (n ϭ 105), who received standard genetic education and risk assessment by genetic counseling professionals, and (2) Computer Group (n ϭ 106), who used the interactive computer program before their genetic counseling sessions. To ensure that equal numbers of high-and low-risk women were included in both arms of the study, each study site maintained two separate randomization lists: one for women at high risk of carrying a BRCA1/2 mutation (Ն10%) and one for women at low risk (Ͻ10%) as calculated using the BRCAPRO model. [31] [32] [33] [34] Before their counseling appointments, participants provided written informed consent and completed baseline questionnaires. Participants who were assigned to the Counselor Group proceeded directly from baseline data collection to their genetic counseling appointments. Participants assigned to the Computer Group were directed by project staff to an area where they could use the computer program. After completing the program and some questions, these participants proceeded to their genetic counseling sessions. Immediately after counseling, participants in both groups completed identical postintervention questionnaires. Counselors also completed postsession questionnaires at that time, including items about the impact of computer use on the counseling sessions. For this Green et al. reason, the counselors were not blinded as to clients' study group assignments.
Interventions
Computer-based educational intervention
The computer program ("Breast Cancer Risk and Genetic Testing") is an interactive, multimedia, CD-ROM decision aid designed to educate women about breast cancer, heredity, and positive and negative aspects of genetic testing. It has been described in detail elsewhere 27 and has received positive reviews in the medical literature. [35] [36] [37] [38] [39] The program's main purpose is to help women make informed decisions about BRCA1/2 genetic testing and includes information about breast cancer risk, the role of heredity in the development of breast and ovarian cancers, and the benefits and limitations of genetic testing for BRCA1 and BRCA2 mutations. It is easy to use, requires no prior experience with computers, and was designed for women of different ages and educational levels. Because it is self-paced and user-driven, each user determines the sequence of accessing various sections, as well as the amount of time spent on each section. In this study, participants spent on average 45 to 60 minutes using the program.
Genetic counseling
Genetic counseling was provided by 12 certified genetic counselors and one advanced practice nurse with specialty training in cancer genetics, collectively referred to as "counselors." Investigators and counselors agreed upon a set of topics to be discussed during the counseling sessions based on accepted guidelines, 40 and these topics corresponded to the computer program's content. Unlike the computer program, genetic counseling sessions also included individualized risk estimates of the likelihood of carrying a gene mutation, and psychosocial support to address emotional concerns related to breast cancer risk and genetic testing.
Measures
At baseline, participants were asked about demographic characteristics and experience with computers. Medical literacy was assessed using the Rapid Estimate of Adult Literacy in Medicine (REALM), a reliable and valid measure to provide an estimate of a person's reading ability with regard to medical terminology. 41 Personal and family cancer history information was collected before the counseling appointment, and counselors used the BRCAPRO model [31] [32] [33] [34] to calculate each participant's estimated risk of carrying a BRCA1 or BRCA2 germ-line mutation. After the counseling sessions, the following outcome measures were administered to both groups.
Effectiveness of session
The perceived overall effectiveness of the counseling sessions was assessed with a single question completed by both research participants and counselors: "Overall, how effective was this session with the (genetic counselor/client)?" Response options ranged from 1 (Not at all effective) to 7 (Extremely effective). Additionally, participants and counselors were asked to rate 12 attributes of the counseling session, including the following: clients' willingness to share worries and fears; their understanding of breast cancer, heredity and genetic testing; their preparedness for making a decision about testing; the quality of questions asked; the level of rapport with the counselor; and the extent to which emotional and informational needs were met. Response options ranged from 1 (Poor) to 4 (Excellent).
Duration of counseling sessions
The amount of time each participant spent in the counseling session was recorded by the genetic counselor.
Impact of computer use on the counseling session
Counselors were asked to assess the impact of the computer program on the genetic counseling sessions by answering four questions: (1) Did the client's use of the CD-ROM permit you to skip over material you typically present? (2) Did it help you to use your time more efficiently? (3) Did it alter the content of your discussion? (4) Did it affect the way you used your time? Response options were "Yes," "No," and "Not sure," followed by space for explanatory comments.
Data Analysis
Descriptive statistics were computed for all variables. Group differences in continuous outcomes such as age, REALM score, and length and quantitative effectiveness of counseling sessions were assessed by t tests. Group differences in categorical and ordinal outcomes such as race, estimated risk of mutation, and Likert scale responses were assessed by Chi-square test. Fourand five-point Likert scale responses were analyzed as ordinal outcomes. These responses were collapsed into a smaller number of categories when one or more levels had fewer than five responses. All analyses were performed using the SAS statistical software system version 8.1 (SAS Institute, Cary, NC).
The open-ended responses were analyzed using qualitative methods to identify emergent themes related to the research questions. 42 The investigators created a coding scheme by reviewing responses and identifying common themes. Using an iterative process, two investigators sorted responses into categories, reducing the categories to a manageable number. Characteristic responses were identified and quotations were included verbatim, excluding names to protect confidentiality. Themes and findings from the analysis also underwent independent review by other study investigators.
RESULTS
Participant characteristics
Of 432 eligible women who were invited to participate in this study, 288 agreed, 77 did not keep appointments, and 211 were randomly assigned to either the Computer Group or the Counselor Group (Fig. 1) . Baseline characteristics did not differ significantly between the Computer and Counselor Groups (Table 1) . Participants' mean age was 44 years, 74% were Ͻ 50
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April 2005 ⅐ Vol. 7 ⅐ No. 4 years old, 56% had completed college or beyond, and 93% were white. Thirty-nine percent reported being "very confident" with their computer skills, 64% reported using a computer "often" at home or at work, and 42% reported having heard or read "a fair amount" or "a lot" about genetic testing. Mean REALM scores indicated a high level of familiarity with medical terms (65 on a scale from 1 to 66). Based on BRCA-PRO estimates, 55% of participants had less than a 10% chance of carrying a mutation (low risk) and 45% of participants had a 10% or greater chance (high risk). Low and high risk individuals were similar with respect to most baseline characteristics, but high-risk individuals were younger (42 vs. 47 years; P Ͻ 0.003) and more familiar with genetic testing (50% vs. 36% reported having read or heard "a fair amount or a lot" about genetic testing; P ϭ 0.04).
Effectiveness of the counseling session
Participants and counselors both rated the counseling sessions as highly effective overall, whether or not the sessions were preceded by computer use ( Table 2 ). The mean effectiveness rating by participants (on a scale of 1-7) was 6.6 in both the Counselor and Computer Groups. Counselors also rated the sessions as highly effective, although less so than the participants (P Ͻ 0.001). Participants' ratings of the effectiveness of the session did not differ based on risk status.
In addition to an overall effectiveness rating, participants and counselors also rated 12 specific attributes of the counseling sessions. On 11 of 12 items, participants once again rated the effectiveness of the sessions significantly higher (P Ͻ 0.0001) compared with the counselors (Table 3) . Participants' responses did not differ by group status or by risk status. Likewise, counselors' responses for 11 of 12 items did not differ by participants' group status; however, they indicated that clients in the Computer Group had a better understanding of heredity than those in the Counselor Group (P ϭ 0.03).
Duration of counseling sessions
Overall, computer program use resulted in shorter face-toface counseling sessions (90 minutes in the Counseling Group vs. 82 minutes in the Computer Group; P ϭ 0.03). When analyzed by risk status, this reduction in the duration of counseling sessions was significant among women at low risk for carrying BRCA1/2 mutations (89 minutes in Counselor Group and 77 minutes in the Computer Group; P ϭ 0.027), but not among those at high risk (91 vs. 86 minutes; P ϭ 0.39). 
Impact of the computer program on provision of counseling
In approximately half of the counseling sessions involving the Computer Group, counselors reported that clients' computer use permitted them to alter some aspect of their typical counseling practices. Specifically, it permitted counselors to do the following: alter the content of discussions in 53% of sessions; change the way they used their time in 50% of sessions; use their time more efficiently in 44% of sessions; and skip material they typically present in 33% of sessions (Fig. 2) . These findings were similar for high-and low-risk women. Counselors' comments (see following sections) explained how the computer program affected the counseling sessions.
Impact of the computer program on content of discussion during counseling session
Thirty two percent of the counselors indicated that they did not alter the content of their counseling discussions with Computer Group participants. However, most counselors (53%) reported that they did alter the content of these discussions, and described two main ways in which they did so. First, participants' use of the computer before the session allowed counselors to shift the focus of discussions away from explanations of basic genetic concepts, and toward the specific concerns of individual clients. For example: "spent more time focusing on (the) plan, not on education"; "(spent) less time talking about Clients rated every item significantly higher than did counselors in both groups (P Ͻ 0.05) except there was no difference for the item "quality of the questions that client asked." Fig. 2 . Impact of computer use on the counseling session. Percent of counselors indicating "yes," "no," and "not sure." chromosomes, genes, cancer risks, BRCA1/2"; and "allowed more time to address her specific health concerns." Second, counselors commented that the computer program raised clients' awareness of certain issues, prompting counselors to address questions stimulated by the program: "patient asked questions about insurance discrimination based on what she saw in computer program"; and "patient formulated questions based on information in CD-ROM."
Impact of the computer program on use of time during counseling session
Counselors indicated that they altered the way they used their time in 50% of the sessions preceded by computer use. In particular, counselors indicated that use of the program by these clients allowed them to redirect the emphasis of the sessions to specific issues identified by clients. For example: "more time. . . spent discussing ambivalence with regard to pursuing genetic testing"; "more time on clinical issues and medical surveillance..."; "more time spent on discussion of state and federal laws"; "moved into psychological issues more quickly than usual"; and "more time was spent on the implications of genetic testing for her and for her family." For about 80% of the clients in the Computer Group, use of the computer program also shortened the amount of time needed for faceto-face counseling.
Counselors indicated that they did not alter the way they used their time in about 20% of Computer Group sessions. A common explanation was that counselors felt an obligation to review all topics they typically reviewed, regardless of the clients' baseline knowledge.
Impact of the computer program on efficiency of the counseling session
Counselors reported that the computer program helped them use their time more efficiently in 43% of sessions and characterized this efficiency in three ways: (1) shifted the focus of discussions to the participants' specific concerns, (2) reinforced concepts that were already presented by the computer, and (3) spent less time providing basic information about genetics.
For example, a shift in focus to clients' specific concerns was illustrated by comments such as the following: "more focused discussion on client's family history and more brief explanation of genetics"; "more time to address client's concerns for ovarian cancer risks"; and "able to address the psychosocial concerns since she had a good understanding of the factual info."
Counselors also reported that sessions were more efficient because many concepts already had been introduced by the computer program: "I believe we went through the information more efficiently because patient had seen the CD"; "it helped that the patient was already introduced to some basic concepts"; and "I think it helps that the patient had already heard the information once."
Finally, counselors reported that sessions were more efficient because they did not need to spend as much time providing basic information: "spent less time on the background information"; "minimized the need for lengthy discussion about genetics"; "some things could be skipped"; and "was able to go through education more quickly."
Counselors indicated that the computer program did not help them use their time more efficiently in 23% of sessions, and they were not sure whether the program impacted efficiency in 34% of sessions. One theme that emerged in regard to this response was that involvement in this research study sometimes increased the overall amount of time that counselors needed to be available to clients compared to their standard sessions, due to the added steps and responsibilities required by the study protocol. For example: "It shortened the face-toface time, but lengthened the amount of time I needed to be available to the patient"; [efficiency was not improved] "because of the waiting between scheduled time and actual face time."
Impact of the computer program on the type of information presented during the session
Counselors reported that they skipped information that they typically presented in 33% of sessions preceded by computer use. The computer program seemed to influence the amount of information that counselors presented about genetics and heredity, as illustrated by the following comments: "allowed me to use less detail in my descriptions"; "allowed me to spend less time explaining BRCA1/2"; "allowed me to bypass in-depth discussion of modes of inheritance"; "abbreviated discussion of genes, heredity, AD inheritance"; and "I was able to skip over a lot of the information on basic genetics."
DISCUSSION
Genetic counseling for cancer predisposition is a complex and labor-intensive endeavor, involving provision of information, evaluation and discussion of individual risk factors, and counseling about psychosocial concerns. 5, 43, 44 As the demand for cancer genetic counseling increases in response to the rising availability of genetic testing, it will become more important to provide education and counseling in an efficient and effective manner.
The present study demonstrates that an interactive computer program can improve counseling efficiency by shortening the duration of sessions while enabling the counselors to focus on the clients' individual concerns. Because the computer program is effective at providing basic information, it enables counselors to spend their time addressing other important aspects of the counseling process, 44 such as assessing individual risk, providing psychosocial support, and aiding decision-making.
It is encouraging to note that from the clients' point of view, the genetic counselors in this study did their job exceedingly well, and this perception was consistent across intervention groups. Participants rated the counseling sessions very highly overall, as well as on specific attributes such as the following: willingness to share worries and fears; understanding of can-cer, heredity, and the pros/cons of genetic testing; preparedness for making a decision; the extent to which emotional and factual concerns were addressed; and rapport and satisfaction with the counselors and the counseling.
Although counselors also regarded the counseling sessions as largely effective, it is interesting to note that the participants consistently rated the sessions higher than did the counselors. One possible explanation for this finding is that clients inflated their ratings of the counselors by providing socially desirable responses rather than expressing their true feelings. 45 Another possible explanation is that the responses may reflect a difference in expectations. That is, participants may have been pleasantly surprised by how much they had learned, but counselors may have wished they had accomplished more during the session and thus were comparatively less satisfied.
We had hypothesized that, compared with standard counseling, the use of our computer program before counseling would result in significantly higher effectiveness ratings from the perspectives of both clients and counselors. However, because the effectiveness ratings of counseling sessions were uniformly high without computer use, the addition of the program did not significantly raise scores. Nevertheless, the computer program was effective in several specific ways. According to the counselors, clients' use of the computer permitted tailoring of the content of many discussions and thereby increased counseling efficiency in the majority of sessions. Counselors particularly noted that clients' computer use resulted in shorter counseling sessions, more focused education, and the opportunity to better address the participants' individual concerns.
Although use of the computer program shortened face-toface time with the counselors among low-risk women, it is important to note that its use increased the overall time of study visits. This is not surprising, because using the computer program as part of a study protocol required an additional hour of educational activities. Whether more time would be necessary outside a study is not known. Even so, if counselors are to increase their capacity in the clinic, it will be necessary for them to be able to predict in advance which clients would require less time. Future research can address whether using the program at home in advance of the counseling visits would be beneficial to clients and would result in shorter counseling sessions.
A couple findings warrant further comment. Counselors indicated that the computer program did not lead to more efficient use of their time in 23% of sessions, and were not sure of its impact on efficiency in 34% of sessions. Because participation in a research trial involves extra time for scheduling and data collection, it is possible that these responses reflected the burden imposed by research-related tasks. This is an important methodological issue to address when designing future genetic counseling intervention studies.
Similarly, in 48% of the sessions, counselors said the computer program did not permit them to skip over material they typically present. These results are largely explained by the responses of a single genetic counselor, who indicated 29 times that although the CD-ROM was useful, (s)he did not feel comfortable altering his/her normal pattern of interaction with clients just because they were enrolled in a research study. It would therefore be interesting to know whether the computer program would have a different impact outside the research setting.
Limitations
This study has a number of limitations. The overall effectiveness of the counseling session was assessed with a single question answered by both participants and counselors. Such a global effectiveness score may lack sensitivity to detect subtle differences in counseling effectiveness. Consequently, the results may reflect a limitation of the tool rather than the computer program. Second, because this was not a blinded study, counselors knew which participants had and had not used the computer program. As such, counselors' responses may have been biased. Third, our results may not be applicable to other populations. Of 432 eligible women, about half participated in the study, and we have no information about those who declined. The women who enrolled in the study were predominantly white, relatively young (mean age 44 years), well educated, and comfortable with using computers. Whether these were "typical" clients seeking genetic counseling for breast cancer susceptibility is not known, and the utility of the computer program for a more diverse population remains to be shown.
Despite these limitations, this study shows that our interactive computer program "Breast Cancer Risk and Genetic Testing" is a valuable adjunct to genetic counseling. Its use before counseling not only shortens some counseling sessions, but more importantly, frees counselors to spend their time discussing the clients' individual risks and specific psychological concerns. As the demand for counseling services increases, a program such as this can play a valuable role in enhancing counseling efficiency, particularly with those at low risk for carrying a gene mutation. Ultimately, the program may have its greatest impact as an educational resource for primary care providers, who are situated to decide which of their patients can benefit most from the services of a genetic counselor, and which may be adequately served through alternative educational measures. As a group currently unprepared to meet the needs of patients seeking information about inherited susceptibility syndromes, 10 primary care providers can benefit greatly from innovative educational resources. 
